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The Impact of Cross-State Lottery Competition on Revenues
and Economic Welfare: An Empirical Analysis
Abstract
Russell R. Vane
Longwood University
There exists a well-established literature identifying several important demand
determinants of lottery tickets. These studies estimate demand functions over a wide
variety of cross sectional and time series data, leading to several robust conclusions.
First, lottery tickets are an inferior good, implying that this particular form of state
revenue generation is regressive in nature. Second, lottery sales appear to be negatively
affected by education and positively affected by a greater proportion of nonwhite
potential participants.
Given the recent downturn in many states' budget position, and the generally
unpopularity of general tax increases, many state politicians have explored other revenue
sources such as cigarette excise taxes, increases in user fees, and lottery proceeds. As
such, there has been a renewed interest in the determinants of lottery sales, and the
corresponding welfare implications of this good. This paper, diverges from previous
work by exploring the impact of competing lottery goods from bordering states on lottery
sales in Virginia counties. Thus, the empirical approach is to estimate a demand function
for lottery sales across counties within Virginia that explicitly measures the flows of sales
into and/or out of counties adjacent to other states (and their competing lottery offerings).
The study finds inflow and outflow patterns that are highly consistent with consumers
within border counties migrating across state borders to pursue (arguably) more
beneficial lotteries to a significant degree. This result not only has important welfare
implications but also has a large and significant impact on resulting revenue streams.
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Introduction:

With increasingly difficult budget positions and tax weary constituents, many
state governments have renewed their interest in a well-studied revenue source: lotteries.
Numerous studies have estimated demand functions for lottery tickets using both time
series and cross sectional data at varying levels ofaggregation. Generally, these studies
have focused on the individual characteristics ofthe lottery game (most notably its
expected return) as well as the characteristics ofthe lottery participants (such as their
income, level ofeducation, ethnic background, ect.). More recently, efforts have been
undertaken to examine the role ofthe internet in lottery decisions and outcomes.
However, competition across neighboring states for lottery sales has gone unnoticed. As
with any market, lottery consumption decisions are made by examining the relative
characteristics of substitute goods in the market. Given the lower costs associated with
purchasing an out-of-state lottery ticket for residents who live in a county bordering
another state (as opposed to "interior" residents), we may observe significant flows of
lottery revenues either into or out ofa given state's border counties depending upon the
relative characteristics ofeach state's lottery offerings.
This paper, explores how this competitive environment has influenced variations
in lottery sales across Virginia counties in 2000. Specifically, after controlling for
traditional lottery determinants, such as income, education, and race, it attempts to
empirically investigate the impact of inter-state competition on lottery sales. In addition,
it explores how sensitive the results are to various forms oflotteries ("scratch off" games
compared to lotto or multi-state lotteries). After a briefliterature review, it discusses the
theoretical underpinnings ofour empirical model. Then describes its data, formulates the
empirical model, and presents the results. Finally, policy implications are evaluated and
conclusions are drawn.
Literature Review:

This study follows Clotfelter and Cook (1990) in separating the lottery literature
into studies which examine the revenue implications oflotteries, and work focusing on
the welfare implications oflotteries. This paper primarily addresses lotteries in the
context ofpublic revenue, thus we will comment only briefly on the welfare implications
ofthe results.
Lottery research began in earnest with an examination of social and economic
characteristics oflottery consumers. Numerous studies (see, for example, Gulley & Scott
(1993), Davis, Filer & Moak (1992), and Hansen (1995)) have provided consistent
evidence that lottery tickets are an inferior good, and hence lottery revenues are
regressive in nature. More recently, research has examined the characteristics ofthe
lottery itselfas determining lottery sales. Scoggins (I 995) examines how changes in the
size ofthe lottery and the probability ofwinning can influence lottery participation, and
Garrett & Sobel (2003) analyze on-line lotteries to identify the roles ofexpected value,
total combinations, and other socioeconomic factors play in determining lottery sales. In
addition, Balabanis (2002) attempts to tie together individual preferences towards
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compulsive behavior with lottery ticket and scratch-card buying patterns. Overall, the
literature has uncovered robust relationships between socioeconomic characteristics of
lottery participants, characteristics ofthe lottery itself, and sales.
Aside from the revenue implications oflotteries, Clotfelter (1990) provides a solid
overview ofthe alternative theoretical welfare implications of the lottery- highlighting
the positive aspects derived by consumers as well as the negative externalities that
gambling can impose on society. Empirically, Mason, Steagall, and Fabritius (1997)
explore the welfare effects ofstate lotteries. Using a times series oflotto sales in Florida,
they find that increasing the odds ofwinning can improve consumer surplus and overall
economic welfare in the state.
Given that states are increasingly turning to lotteries as an important source of
revenue 1, it is surprising that no studies exist that examine the revenue implications
associated with lottery competition across states. As with all goods, consumer's buying
patterns for a state's lottery ticket will depend upon the relative characteristics ofthat
lottery ticket compared to a competing state's lottery games. Although transportation
costs associated with purchasing a ticket outside the state may be prohibitive for citizens
who do not live near a border, it is plausible that border counties could experience
significant migration. Our aim is to develop a simple theoretical model ofconsumer
choice, which can be used to generate testable predictions regarding the importance of
lottery flows across state borders and its subsequent impact on state revenues.
Theoretical Work:

The utility optimization problem for a potential Virginia lottery customer is to
maximize utility by choosing a level ofVirginia and border state lottery tickets subject to
a budget constraint. Hence, we are implicitly assuming that lottery players view this
decision in a narrowly defined gambling market - they only consider alternative lottery
tickets in their decision, rather than all other forms ofgambling. However, given the
gambling restrictions present in Virginia and its border states this assumption seems
plausible.
Let us denote the total utility function as
(1)
where Qv represents quantity ofVirginia lottery tickets purchased, and QN is the number
oflottery tickets purchased from a neighboring state. We assume that this function
exhibits diminishing marginal utility in both lottery goods (that is, U'v and U'N are
decreasing in Qv and QN respectively). The consumption problem then is to maximize
equation 1 subject to the following budget constraint:
(2)
l In Virginia, for example, 2000 brought $972,971,875 in revenue, of which 35% is mandated to support public education in the state (See, Virginia Lottery).
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Where I equals income, Pv is the cost ofa lottery ticket in Virginia, PN represents the
price ofa lottery ticket in a neighboring state, and -r reflects the transportation costs for a
Virginia resident purchasing a neighboring lottery ticket. Note that we do not address the
optimal size ofl, rather we take I as given and explore the player's decision regarding the
optimal mix oflottery tickets.
Solving the problem identified in equations 1 and 2 yield the following first order
condition:
(3)
Equation 3 can be interpreted as having a Virginia lottery player choosing a mix of
lottery purchases such that the marginal utility per dollar ofVirginia ticket purchases
equals the marginal utility per dollar ofneighboring state ticket purchases.
Immediately this study sees that purchases ofVirginia lottery tickets will increase
with an increase in PN, an increase in -c, or a decrease in Pv. However, since the relative
price oflottery tickets has remained constant across counties in Virginia, our attention
shifts to varying degrees of transportation costs for Virginia residents. Assuming that
residents of"interior" counties ( defined as counties that do not geographically border
another state) incur higher transportation costs compared to border county residents, we
should observe, ceteris paribus, greater purchases ofneighboring lottery tickets for border
Virginia residents compared to those in the interior.
The analysis can be expanded further by considering the determinants ofU'v and
U' N - The marginal utility derived from lottery purchases likely contain financial and
emotional rewards. For simplicity, this study lets Rv and RN capture the perceived
returns to a Virginia and neighbor lottery ticket respectively. Further, let Xv and XN be
vectors oflottery characteristics that may influence the marginal utility ofa lottery
ticket. 2 Given that these lottery characteristics are hard to define and measure, this study
treats them as fixed. Given that an increase in R will likely increase marginal utility,
Virginia lottery purchases will increase with increases in Rv and decrease when RN
increases.
In addition, realize that an analogous decision is being made for residents ofstates
bordering Virginia, implying that decreases in their transportation costs into Virginia
( denoted by --CN), or increases in the perceived relative return ofVirginia lott�ry tickets
will induce a net inflow oflottery sales into Virginia counties that border that particular
state. Similarly, increases in transpo.rtation costs or a decrease in the relative return ofa
Virginia lottery ticket will result in a net outflow oflottery sales for Virginia border
counties. These results are summarized in the tables below:

2 These chancteristics could include alternative themes for scratch-off cards as we11 a., the visual appearance of the cards.
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Theoretical Results Jor Virginia Counties: Impact
on Vir2inia Lottery Sales
Border
Interior
Variable
County
Countv
+
+
or
0
'tv
- or 0
'tN
Pv
+
+ or 0
PN
+
+
Rv
- or 0
RN
+
+
Xv
- or 0
XN
Table 1: A Theoretical Approach

Note that it is likely that transportation costs are significantly higher for Virginia
residents of interior counties relative to border counties. Hence, it is possible this study
may observe no "neighbor effects" for interior counties, which is reflected in the table
above. Important to our empirical analysis is the recognition that states bordering
Virginia may have different lottery characteristics. For example, North Carolina does not
have a state lottery, whereas Kentucky participates in "Powerball" which is a competitor
to Virginia's participation in the "Big Game" lottery. Hence, this study would expect
border counties to be either net importers or net exporters of lottery tickets depending
upon the lottery characteristics of the neighboring states relative to Virginia lottery
characteristics. Given this, the study will begin its empirical methodology.
The Data:

The state of Virginia is composed of 13 5 counties or cities. The dependent
variable was provided by the Virginia lottery. They provided the raw data on total lottery
sales in each county for this study. This means the study used a total of 135 data points
to determine lottery sales.
This study' s independent variables came from the US Census. They are median
household income, travel time to work, education level, unemployment rate, racial data,
and population over thirty-five. More specific source information follows: The LN
income variable came from taking the natural log of the median household income of
1999 (taken from Census table P53). Our travel time variable is represented by all the
people who commute more than thirty-five minutes to work every day in the county
divided by the working population over sixteen of the county to get a percent term (taken
from Census table P3 l). The study had to settle for this measure of travel time because
there was no study of travel time specifically done for those people ages eighteen and
above. Education consists of all those who have earned a bachelors degree, masters, and
doctorate divided by the population over thirty-five(taken from Census table P37). The
value of lottery sales was taken from the VA Lottery, and it was converted into a per
capita basis by dividing total lottery sales in the county by the population over eighteen
(found in Census table PS). Percent non-white came from subtracting the white
population from the total, then taking the result and dividing it by the total population in
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the county (Table P5). The unemployment rate was taken from the directly from the US
Census.
Model:
The natural log of per capita lottery sales was aggregated into a total component
and disaggregated into seven different individual lotteries. This allowed the study to
analyze the tendencies of big jackpots with a low chance of winning, and little jackpots
with a higher chance of winning. The lotteries studied were Scratcher, Lotto, Kicker, Big
Game, Pick 3, Pick 4, and Cash 5. They can be further consolidated for study as the Pick
Games, The Big Games, and The Small Games.
Equation 4 was used to estimate the natural log of per capita lottery sales, for each county
i.
(LSi) = a+ P 1 (Ii) + P2(T i) + PJ (NWi) + P4(BSi) + Ps(U i) + P6(TN) + P1(KYi) + Ps(WVi) +
p 9 (NCi) + �1o(MDi) + P11(DCi) + cj

where:

(4)

a= Intercept
LS= LN Per Capita �ottery Sales
I=LNincome
T= % of people who travel 35 minutes or more to work
NW= % non white
BS= % of people with a bachelors degree or higher
U= % Unemployed
TN= Border with Tennessee
K Y= Border with Kentucky
WV= Border with West Virginia
NC= Border with North Carolina
:MD= Border with Maryland
DC= Border with DC
e= Error Term

Hypothesis:
This study attempts to explain why there are variations in the per capita lottery
sales between cities and counties. The raw data between these counties showed a very
large difference in per capita lottery annual sales from over $1000 to below $60. Given
the theory this paper attempts to explain this very large difference in per capita lottery
sales. This study thinks this difference can be best explained by an exponential equation.
After running an OLS regression analysis on both natural log and regular per capita
lottery sales it became clear that lottery sales could be best explained by an exponential
equation. Thus, this study uses the natural log of per capita lottery sales as our clependent
variable.
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The study estimates that there are six key variables related with lottery sales.
Income is important to any economic study because it has the ability to reveal income
elasticity of demand for the good in question. Previous studies have found that lotteries
are a regressive tax on the poor. So we hypothesized that f32 would be negative as in an
inferior good, or positive and less than one, both values would represent a regressive tax
on the poor. The inferior good case would be a more extreme example of a regressive tax
on the less monetarily secure.
Since the project is focusing on migration effects a measure of travel time to work
would be useful to determine the cost of travel for workers in the county. It takes about
thirty minutes to travel through most counties it also represents the amount of people
traveling intrastate as well as out of state. So those who naturally travel thirty-five
minutes or more to work probably work outside of the county they live in. As the percent
of people who have to travel thirty-five minutes to work goes up it is possible that
rational travel costs go down for that percent because those costs are sunk. Therefore 'Cv
would decrease as the percent of people who travel thirty-five minutes or more to work
increases.
Other studies have found that lottery sales were a regressive tax on minorities.
We suspected that this might be the case in Virginia. Some people in Virginia still cling
to outdated racial viewpoints and that can create real differences between the racial
groups. Therefore this study includes a non-white racial variable to estimate potential
differences that should not be ignored. The non-white population of Virginia has been
ignored and downtrodden time and time again, now is a chance to bring it the support it
deserves.
The importance of education on lottery sales seems very relevant in theory. It
seems if one knew one was playing a game with an average payoff rate of .54 cents on
the dollar then one would be less inclined to play the game. Economic theory implies
that gambling is a trait of risk loving people. If the information is taken as given and
lotteries are simplified down to only being providers of a single good, gambling. Then
only the risk loving people in society would participate in them. However, most people
who buy lottery tickets exhibit risk adverse behavior by also purchasing insurance. These
kind of mixed results imply that some kind of good comes from lotteries and it is not just
a gambling machine. The assumption with education is that more educated people would
put their money into a form of saving that provided with a higher return over time when
all other things are held constant.
Another economic variable that this study felt was pertinent in the explanation of
lottery sales was the percent of unemployment in the state. This study speculated that the
lottery was purchased more by unemployed people in favor of their license to dream, as
previous literature has indicated, because the amount of unemployed accurately
represents a portion of the population that is not living their dream. They are looking for
work, and they have not found it yet, so they desire a dream. This is where the lottery
tickets come in. The tickets make the dream a psuedo reality, if only until the numbers
come up.
The most important variable in this study is migration effect between states. This
is perhaps the most difficult variable to measure. It took the experiment six dummy
va_riables to measure the effect of the five different bordering states and the one
independent bordering district on border counties in Virginia. The states that have
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legalized lotteries are Kentucky, West Virginia, Maryland, and the District of Columbia.
The scientific experiment suspected that there would be no significant effect over the
year with the gambling states unless their big games had a higher jackpot for the majority
of the year 2000 (RN>Rv). Or vice versa, one would notice that if Virginia's lotteries had
higher perceived revenue that other states gamblers would migrate to Virginia to buy
tickets (Rv>RN). The study also hypothesized that it would see inflow from the states
without legalized state lotteries (Rv>0). Those states are North Carolina and Tennessee.
The Significance of The Entire Equation:
The variable used to determine overall significance in a OLS regression analysis
is the F measure. An F-test is a method used to determine the regression equations' total
significance. The F-test is a measurement of the overall fit that an equation has. This test
is used to determine how statistically significant the equation is. Like similar statistical
test this one starts with a null hypothesis. This hypothesis is that all the slope coefficients
in the equation equal zero simultaneously. The following hull hypothesis was used for
equation 1.
Ho: f31 = f32 = f33 = f34 = f35 = �6 = f31 =
HA: Ho is not true

f3s = f39 = f310 = f311

=

0

(5)

The criterion for evaluating an F -test has two key components, the F-statistic (F s)
and the critical F (F e). lfF s is greater than or equal to F e reject the null hypothesis that all
variables are equal to zero. If one can reject the null hypothesis one knows that their
study has not been in vain. If one is not able to reject the null hypothesis, because Fs is
less than F e then one cannot say with 95% confidence that the equation has any
correlation between the isomorphic variables and the exogenous one.
Equation
All Lotteries
Scratcher
Kicker
Lotto
Big Game
Pick 3
Pick4
Cash 5
Table 2: The F-test

The F-test
Fs > Fe
Fs > F e
Fs � F e
Fs � F e
Fs � Fe
Fs � F e
F s � Fe
Fs � F e

Result
Reject Ho
Reject Ho
Reject Ho
Reject Ho
Reject Ho
Reject Ho
Reject Ho
Reject Ho

All of the equations are significant according to the F-test. This is another factor that
validates this study on a statistical level. The null hypothesis is rejected in all cases.
- Results:
The regression analysis in this study has provided some evidence of a migration
effect between states. It has done this by attempting to explain lottery sales and then
using dummy variables to represent proximity ofother states to Virginia counties and

c1t1es. It has also showed remarkable similarities between certain types of lotteries that
seem to have a certain market segmentation aspect to them.
The first part of this is the basic regression. This study explained lottery sales by
isolating several different demographic variables. The variables this study found were
statistically significant at the 95% confidence level were NW, U, TN, KY, and NC.
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Reg_ression Statistics
for All Lotteries
Multiple R
0.704185598
R Square
0.495877356
Adjusted R Square 0.450793217
Standard Error
0.448783179
Observations
135
ANOVA
Regression
Residual
Total

Coefficients

Standard Error t Stat

6.889895549
-0.179079736
35+ Min Travel Time -0.672438694
%Non-White
1.548366044

Intercept

Kentucky

West Virginia

North Carolina
Maryland

DC

Significance 'F
F
MS
2.215255 10.99893151 6.07794E-14
0.201406

24.36780011
24.77298
49.14078011

LN Income

Bachelors Degree+
% unemployed
Tennessee

ss

df
11
123
134

-0.202378019
0.02758804
0.654556399
-0.522220688

2.719131548
0.270877141
0.419935654
0.280479211

0.628166762
0.01210176
0.244773431
0.254963118

-0.198823542 0.132237316
0.278588637 0.124917758
0.000369478 0.242433555
-0.516148115 0.366979346

2.533859
-0.66111
-1.60129
5.520431
-0.32217
2.279672
2.674132
-2.04822

P-value

0.01253768
0.509777857
0.111877992
1.9139E-07

0.74786899
0.024349911
0.008510529
0.042666632

-1.50354 0.135264231
2.230176 0.027549425
0.001524 0.998786463
-1.40648 0.162103928

Table 3: Regression Statistics for all Lotteries

Table three shows in detail the results of the regression analysis.
NW is statistically significant and positive. Which shows that for every one
percent increase in NW in the county that lottery sales are likely to go up by 1.548 LN
per capita. This represents the elasticity of the Non-white variable. It is very significant
and very positive. NW has an extremely high correlation with lottery sales. On average
it seems that non-whites spend more on lottery tickets.
U has a positive and significant correlation with the dependent variable. This
finding is in concurrence with proposed license-to-dream models. It is not particularly
positive, but it definite! y represents a correlation that is concurrent with previous studies.
Border counties with North Carolina and Tennessee show a higher propensity to
consume lottery tickets. These variables are both positive and significant. The inflow of
lottery ticket buyers from these two states that are devoid of a lottery shows that there is a
demand in those states for a lottery and Virginia lotto is benefiting.
Border counties with Kentucky show the reverse affect. It appears that more
Virginians are going to Kentucky to buy lottery tickets. This cannot be proven unless one
studies Kentucky and finds that it has a positive correlation between border counties'
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lottery sales that share a border with Virginia. Nevertheless, Kentucky does have a
sizable lottery program with different lotteries that could have been offering higher
jackpots during the period of time when this study's data were taken.
Scratcher:
Regression Statistics
for scratcher a small jackpot ticket
Multiple R
0.619871744
R Square
0.38424098
Adjusted R Square
0.3291731
Standard Error
0.440954743
Observations
135
ANOVA
Regression
Residual
Total

Intercept
LN Income
35 Minutes+
%Non-White
Bachelors Degree+
% unemployed
Tennessee
Kentucky
West Virginia
North Carolina
Maryland
DC

df
11
123
134

SS
MS
F
Significance F
14.92402772 1.35673 6.977588033 4.43915E-09
23.91625354 0.194441
38.84028126

Coefficients Standard Error
9.096816807 2.671699856
-0.435581126 0.266152044
-0.830739579 0.412610426
0.190950232 0.275586619
-0.041160513 0.617209215
0.01189066
0.023871128
0.579852573 0.240503679
0.25051562
-0.395419662
0.12993061
-0.143327063
0.263850609 0.122738731
-0.030462389 0.238204619
-0.4815141 0.360577871

Table 4: Regression Statistics for Scratcher

t Stat
3.40488
-1.63659
-2.01338
0.692886
-0.06669
2.007553
2.410993
-1.57842
-1.1031
2.149693
-0.12788
-1.3354

P-value
0.000894404
0.104272871
0.046257898
0.489687012
0.946938281
0.046882431
0.017388253
0.117036806
0.272135278
0.033537299
0.898450189
0.184212932

For little game jackpots like the scratcher tickets that come in an amazing variety,
it is harder to assume people will travel across state lines to play them. It can be assumed
that when they travel ov.er they order a big game ticke(and a few small jackpot tickets
too. The small game tickets can be thought of as complements for the big game tickets.
T has a significant negative correlation with lottery sales. It seems that when the
percent of employed persons spend on average thirty-five minutes or more commuting to
work increases that it negatively affects the per capita sale of lottery tickets in that
county, perhaps because they are buying lottery tickets in another county.
Uhas a positive and significant correlation with the exogenous variable. This
finding is in concurrence with proposed license-to-dream models. It is not particularly
positive, but it definitely represents a correlation that is concurrent with previous studies.
However there is not as strong a theoretically backing for small jackpot tickets like
scratchers to have a strong dreaming effect. It is this study' s hypothesis that it is more
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likely that they are bought when the big game tickets are bought and are thereby
compliments to the large jackpot games.
TN and NC had a significant and positive effect on per capita lottery sales.
Notice the positive migration, likely due to the big games draw on those counties. There
is no reverse migration in this case, and it is not likely that there would be. People will
still buy their small tickets predominately from the counties they live in.
Kicker:
Reg_ression Statistics
For Kicker
Multiple R
0.624915728
R Square
0.390519667
Adjusted R Square
0.336013296
Standard Error
0.459831071
ObseNations
135
ANOVA
df
Regression
Residual
Total

Intercept
LN Income
35 Minutes+
%Non-White
Bachelors Degree+
% unemployed
Tennessee
Kentucky
West Virginia
North Carolina
Maryland
DC

ss

MS

16.66421852
26.00768746
42.67190598

1.514929
0.211445

Standard Error
Coefficients
2.7860696
3.095289338
0.277545442
-0.231422393
0.430273394
-1.112676707
0.287383891
-0.677086117
0.643630619
-0.099711393
0.012399674
0.013565266
0.250799126
0.680927552
0.261239657
-0 .875623142
0.13549266
-0.120456387
0 .127992913
0.418618521
0.248401648
-0.015373143
0.376013437
-0.628637326

t Stat
1.110988
-0.83382
-2.58598
-2.35603
-0.15492
1.094002
2.715032
-3.3518
-0.88903
3.270638
-0.06189
-1.67185

11
123
134

Table 5: Regression Statistics for Kicker

Significance
F
F
7.164660908 2.53424E-09

P-value
0.268740629
0.405999893
0.010875692
0.020052225
0.87713815
0.276092009
0.007580227
0.001067052
0.375724921
0.001392331
0.950752279
0.097096419

Kicker is a game in its own right. It is not longer a game offered by the VA
lottery and even when it was offered its revenues were comparatively small.
Nevertheless it shows a strong migration effect, perhaps because of its relative
uniqueness in comparison with other games. TN and NC show a positive and significant
migration effect for this game concurrent with the other lotteries. While NW, KY, and
_DC show a negative effect although the negative effect from DC is significant only at the
90% confidence level.
Large Jackpot Games: Lotto and the Big Game
____
R-'eg"'-r_e_sio_
s_ n_S t
_ a_ti_sic_
t_s___ for Lotto
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Multiple R
R Square
Adjusted R Square
Standard Error
Observations

0.660801716
0.436658908
0.386278811
0.501437106
135

ANOVA
Regression
Residual
Total

Intercept
LN Income
35 Minutes+
%Non-White
Bachelors Degree+
% unemployed
Tennessee
Kentucky
West Virginia
North Carolina
Maryland
DC

df

ss

MS

23.97225794
30.92701807
54.89927602

2.179296
0.251439

Coefficients
Standard Error
3.038156329
0.22602211
0.262378053
0.302658068
0.469205017
-1.621364774
0.313386711
-0.188157619
0.020237326
0.701867045
0.013521611
0.026179536
0.273491714
1.065579966
-0.755857083
0.284876916
-0.091283369
0.14775219
0.139573857
0.662038092
0.001954701
0.27087731
-0.670048175
0.410035558

t Stat
0.074394
0.866912
-3.45556
-0.6004
0.028834
1.936126
3.896206
-2.65328
-0.61781
4:743281
0.007216
-1.63412

11
123
134

Table 6: Regression Statistics For Lotto

Significance
F
F
8.667289846 3.24043E-11

P-value
0.940817343
0.387678001
0.00075433
0.549343832
0.977044066
0.055146415
0.00015949
0.009023651
0.537840169
5.72127E-06
0.994254058
0.104 790205

Regression Statistics
for Big Game
Multiple R
0.62474743
R Square
0.390309351
Adjusted R Square
0.335784171
Standard Error
0.59136042
Observations
135
ANOVA
Regression
Residual
Total

Intercept
LN Income
35 Minutes+
%Non-White

df

ss

MS

27.53651915
43.01397905
70.5504982

2.50332
0.349707

Coefficients
Standard Error
-1.35499356
3.582992527
0.371869092
0.3569341
-1.261883714
0.553348112
0.369808705
0.369586723

t Stat
-0.37817
1.041842
-2.28045
1.000601

11
123
134

Significance
F
F
7.158332181 2.58259E-09

P-va/ue
0.705953431
0.299528199
0.024302209
0.3189843.45
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Bachelors Degree+
% unemployed
Tennessee
Kentucky
West Virginia
North Carolina
Maryland

0.441583869
0.029266108
1.479705145
-0.138522861
-0.020657304
0.864290111
0.257686648
-0.396931507

0.827733699
0.015946457
0.32253731
0.335964233
0 .174248766
0.164603803
0.319454061
0.483567724

DC
Table 7: Regression Statistics for The Big Game

0.533485
1.835273
4.587702
-0.41231
-0.11855
5.25073
0.806647
-0.82084

0.594660311
0.068881047
1.08778E-05
0.680826794
0.905824757
6.43642E-07
0.421426867
0.413325711

The Lotto and the big game are very similar, because they are both large games
that people are likely to travel to play. They have large jackpots and the tickets are
randomly assigned, unlike Pick numbers games where the buyer gets to choose the
numbers. These large jackpot lotteries share much of the same regression statistics too.
As usual T is negative and significant and U is positive and significant at the 90%
confidence level.
The migration effects are very noticeable for these games. NC and TN come in at
a significance level of 99% for both. This is what the study hypothesized and this is what
the study has seen, powerful evidence in favor of a migration effect for big games.
The difference between the two is that Lotto has a statistically significant negative
migration effect with KY, while the big game does not. This is due to the fact that
Virginia and Kentucky have the big game, and there is no reason to migrate across
borders to play it. On the other hand when the Lotto is low there is incentive to stop
playing it in favor of a different Kentucky large jackpot game.

Numbers Games: Pick 3 and Pick 4
Regression Statistics
for Pick 3
Multiple R
0.811421556
R Square
0.658404942
Adjuste_d R Square
0.627855791
Standard Error
0.719120029
Observations
135
ANOVA

df
Regression
Residual
Total

Intercept
LN Income
35 Minutes+
%Non-White
Bachelors Degree+
% unemployed

ss

MS

122.5996935
63.60743473
186.2071283

11.14543
0.517134

Standard Error
Coefficients
4.357074975
-3.858431558
0.434047412
0.604824575
0.672895407
-0.051682038
0.449433553
4.891139391
1.006560232
-0.774587562
0.019391587
0.045432576

t Stat
-0.88556
1.393453
-0.07681
10.8829
-0.76954
2.342901

11
123
134

Significance
F
F
21.5523152 8.44806E-24

P-value
0.377585099
0.165995781
0.938903105
9.86059E-20
0.443048595
0.020739835
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Tennessee
Kentucky
West Virginia
North Carolina
Maryland
DC

-0.112367186
-0.974553199
-0.46211213
-0.047839127
-0.180683474
-0.770957491

0.392219417
0.408547141
0.211894089
0.200165394
0.388470052
0. 588039415

-0.28649
-2.38541
-2.18086
-0.239
-0.46512
-1.31106

0.774984372
0.018586435
0.031096201
0.811504903
0.64267108
0.19227842

Table 8: Regression Statistics for Pick 3

Regression Statistics
for Pick 4
0.830780863
Multiple R
0.690196843
R Square
0.662490869
Adjusted R Square
0.70186732
Standard Error
135
Observations
ANOVA

df
Regression
Residual
Total

Intercept
LN Income
35 Minutes+
%Non-White
Bachelors Degree+
% unemployed
Tennessee
Kentucky
West Virginia
North Carolina
Maryland
DC

11
123
134

ss

134.990213
60.59198135
195.5821943

Standard Error
Coefficients
4.25254257
-4.982133506
0.423634
0.641668773
0.656751692
-0.364181462
0.438651005
4.805668123
0.982411425
-0.414813379
0.018926355
0.044666055
0.382809517
-0.016775317
0.398745516
-1.50941121
0.206810449
-0.577341679
0.195363143
0.047947667
0.379150105
-0.033404967
0.573931515
-0.621576804

Table 9: Regression Statistics for Pick 4

MS
12.27184
0.492618

t Stat
-1.17157
1.514677
-0.55452
10.95556
-0.42224
2.359992
-0.04382
-3.7854
-2.79165
0.245428
-0.0881
-1.08302

Significance
F
F
24.91148142 2.55568E-26

P-value
0.24363586
0.132419722
0.580230415
6.56913E-20
0.673587012
0.019848928
0.965117688
0.000238595
0.006081955
0.806533759
0.929936618
0.280919995

Take special note how the Pick 3 and Pick 4 games are almost identical. They are
similar games and both have the exact same significant isomorphic variables, but on the
other hand they are considerably different from the other lotteries in terms of what
variables describe them well. NW is extremely positive and significant, which does not
seem to play a significant role in the determination of other per capita lottery sales. U is
in concordance with the other games because it is positive and significant. The migration
effects for KY and WV are negative and significant. Notice these lotteries do not seem to
have any positive migration effects; this could be due to the fact that they are not really
big games in their own right. They are medium size jackpot games. These lotteries
belong in a category by themselves, because they are so similar.
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Cash 5:
Regression Statistics
for Cash 5
Multiple R
0.657236714
0.431960098
R Square
Adjusted R Square
0.381159782
Standard Error
0.549898766
Observations
135
ANOVA
Regression
Residual
Total

Intercept
LN Income
35 Minutes+
%Non-White
Bachelors Degree+
% unemployed
Tennessee
Kentucky
West Virginia
North Carolina
Maryland
DC

df

ss

MS

28.28364582
37.19380437
65.47745019

2.571241
0.302389

Standard Error
Coefficients
3.331780591
-1.260870003
0.33190862
0.268235973
0.51455159
-1.769286701
0.343674139
1.259718317
0.769699365
-0.085383243
0.014828414
0. 027941785
0.299923469
0.855762652
0.312409
-0.683347979
0.16203178
-0.072722433
0.153063048
0.468417202
0.297056394
-0.253497434
0.449663666
-0.202038855

t Stat
-0.37844
0.808162
-3.4385
3.665444
-0.11093
1.884341
2.85327
-2.18735
-0.44882
3.060289
-0.85336
-0.44931

11
123
134

Table 10: Regression Statistics for Cash 5

Significance
F
F
8.503098581 5.15385E-11

P-va/ue
0. 705758151
0.420557544
0.000798991
0.000365691
0.911852156
0.061879194
0.005078571
0.030608059
0.654354219
0.002715267
0.395115897
0.653997999

This Cash 5 lottery is a hybrid between the Pick Games and The Big Jackpot
Games. For Cash 5, the results are T negative and significant. NW is positive and
significant reflective of its pick game qualities. U is positive and significant at the 90%
level which is concurrent with the Big Jackpot Games. TN is positive and significant.
NC is positive and KY is negative and significant.
Econometric Problems:
The econometric problems that can occur are omitted variable bias, inclusion of
irrelevant variables, multicollinearity, autocorrelation, and heteroschedasticity. This
study expects some multicollinearity between income and education. The theory behind
those variables though is too strong to not include them in the study.
Omitted Variable Bias:
Omitted variable bias is caused when a key explanatory variable is ieft out of the
regression specification. This bias is reflected in the estimation of the variables'
coefficients. The true value of the coefficients is distorted by the fact that they have to
compensate for the exclusion of an important variable, which causes them to change their
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values. The variables coefficient is biased now because it has been changed in a way that
is not necessarily indicative of the truth. The result of this decreases the overall fit of the
regression equation.
The study has actively tried to reduce the possibility of omitted variable bias.
There is the possibility of omitted variable bias in this regression even though the
variables chosen have a strong background in theory and previous literature. Also in
previous regressions the study investigated tested quite a few different variables
including poverty, political affiliation, and others just to reduce the risk of omitted
variable bias further. In the worst-case scenario, omitted variable bias should be quite
small.

Irrelevant Variables:
Sometimes a regression will include an independent variable that is not relevant to
its dependent variable. Such a variable is called an irrelevant variable and it has no real
explanatory power in the equation specification. The effect of including an irrelevant
variable is that is decreases adjusted R2 and increases the variances of the estimates
coefficients for the independent variables.
These regressions do not have irrelevant variables. In some cases variables have
very insignificant effects on the equation specification, but strong theory and isolating
migration factors make them necessary. For example, bordering Washington DC may
not help to explain per capita lottery sales explicitly, but when isolating migration effects
it is important to conclude that a border with DC is not important to the per capita lottery
sales therefore this variable is relevant, while rainfall in Madagascar is not a relevant
determinant of per capita lottery sales and as such it is not included.
Multicollinearity:
Multicollinearity occurs when one independent variable mirrors another
independent variable. This reflection can be prefect or imperfect. With perfect
multicollinearity at least two independent variables are perfect linear functions of each
other. Imperfect is the same except that it does not represent a perfect relationship
between the independent variable. This causes OLS regression analysis to fail because
the ordinary least squares analysis cannot successfully estimate the impact of two
equivalent variables on the exogenous variable. The impact of this on the regression
equation is that computed T-scores will decrease and the estimates of the standard
deviation will increase because the multicollinearity has made it harder to derive the
movements between the two similar variables.
This study indicates some imperfect multicollinearity between income, education,
and unemployment. Fortunately, it is a very small effect.
Autocorrelation:
Autocorrelation is when there is serial correlation in the error term. In this
econometric problem the error term displays a pattern that can be represented by an
equation instead of being completely random. True error terms should be completely
random because that suggests that no other variable or specific function could define the
equation any better than it has been defined in the equation specification.
Autocorrelation suggests that the equation is lacking an independent variable, or suffers
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from omitted variable bias, although this is not always the case. The effect can be caused
by improper functional form. Pure autocorrelation effects the regression equation by
increasing the variances of the estimated coefficients. It does not cause bias in the
coefficient estimates.
This study expects a little autocorrelation. However it is cross sectional data so it
is unclear what serial correlation means. If it was time series this would be a reasonable
problem to be concerned about, although it is not a concern The functional form has
been changed so that it really represents the data as well as it can. Also the risk of
omitted variables has been severally reduced through vigorous theory, iterations, and re
specification to find any omitted variable or at least a good proxy of potentially omitted
variables. The Durbin Watson Statistic and test has detected autocorrelation for all the
regressions except the Pick 3 and Pick 4 regressions, which were inconclusive (Table 12).
However, this study's author suspects that they are auto-correlated anyway, for the same
reason the others were.
Regression
Durbin Watson Statistic
All Lotteries
l.6>1.513
Scratcher
l.6>1.455
Kicker
1.6>1.504
1.6>1.442
Lotto
Big Game
l.6>1.475
3. 17>I.660>I. 6
Pick 3
Pick 4
3 . 17>I.758> I.6
Cash 5
l.6>1.385
Table 12: The Durbin Watson Test

Result
Autocorrelation
Autocorrelation
Autocorrelation
Autocorrelation
Autocorrelation
Inconclusive
Inconclusive
Autocorrelation

Heteroschedasticity:
Heteroschedasticity refers to a changing variance in the error term. Note that the
difference in distribution of the error term relies acutely on which observation is being
discussed.
VAR (er)= o/ (I= 1, 2, ... , n)

(6)

Heteroschedasticity is prevalent in data sets that contain a large difference between the
smallest and largest values. A heteroschedastic data set might have a large variance in
the error term when values are small and a small variance in the data when values are
large or vice versa. The heteroschedastic error term is related to an independent
variables' distribution. The variance in this error term changes proportionally by the
proportionality factor described in the following' equation.
VAR (er)= a?z?

(7)

Due to the fact that the quality of US census data does not change dramatically
over the cross sectional period that this study uses the chance of heteroschedasticity is
low. Heteroschedasticity does not cause bias for the estimates of the independent

20
variables coefficients'. However heteroschedasticity does increase the variance in the
estimated coefficients distribution.
Policy Implications:
Our results strongly suggest that, relative to residents in the interior ofVirginia,
border residents regularly flow across state lines to purchase tickets. In addition, these
results are broadly consistent with our theoretical predictions and prior assumptions
regarding the alternative characteristics ofvarying state lotteries. As such, state revenues
derived from lottery sales are significantly impacted by both inflows and outflows of
sales across state lines.
For example, using the statistically significant coefficient of the North Carolina
dummy variable in the general regression, and the population and sales data for North
Carolina border counties, this study estimates that the gain in Virginia lottery revenue
from the border effect is $1,058,2273 . Conversely, the net outflow oflottery sales for
Kentucky border counties is estimated to be $66,185. Using all statistically significant
border results, this study finds that in FY 2000 Virginia had a net inflow ofroughly $1. 3
million due to lottery sales across borders.
In addition, the experiments results indicate that the size and significance of
border effects vary depending upon the type oflottery game examined. For example,
there is strong evidence ofpositive cross-state effects for Virginia, which are not offset
by any outflows to other states (which is in contrast to Lotto and our overall results).
Thus, it appears that the Big Game generates particularly strong and positive effects on
Virginia lottery revenues. In contrast, Pick 3 and Pick 4 games both show statistically
significant outflows, but no corresponding positive effects on Virginia revenue. Thus,
the potential may exist for lottery officials to strategically alter their mix oflottery goods
to improve their competitive position in their region and subsequently improve lottery
sales and revenues. 4
Finally, the percentage ofnonwhite people in the population has a positive and
significant effect on overall lottery sales. It appears that lottery games are generally more
attractive to nonwhites. More interestingly, the impact ofnonwhite exhibits quite large
variations across lottery goods. Nonwhite is statistically insignificant for Lotto and the
Big Game, but is not only significant, but exhibits very large coefficients for Pick 3, Pick
4, and to a lesser extent Cash 5 (see Tables 8, 9, 10 for details). Apriori, the source of
these results is unclear, and warrant further study.
Conclusion:
In summary, the primary finding ofthis research has identified the possibility of
migration effects in relation to gambling behavior. A noticeable migration effect has
taken place for all games. Strictly positive migration effects were seen in the case of
3

This was calculated by adding the sales in all the border counties and then figw-ing the percent of sales due tD the positive boarder coefficient.

4

Of course. decisions made by adjoining state lottery representatives could also affect Virginia's competitive position.
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large jackpot games like the Big Game; and some strictly negative effects were isolated
in the case of the Pick 3 and 4 games. The study has observed noticeable inflow and
outflow patterns to migration, which could possibly be used to create new revenue
streams for the Virginia government.
This study has not found a significant income effect in the case of Virginia
lotteries. The general conclusion that lotteries are a regressive tax cannot be dismissed,
however the insignificance of income in this particular study lends weight to the idea that
lotteries can be used to generate more tax revenue in the state of Virginia without
necessarily putting financial pressure on the poorest people in the state.
Probably the most surprising result of the study was the coefficient of NW for
Pick 3 and Pick 4. This could represent a segregation issue or target advertising.
Whatever it is it could very well be a topic for future research.
Other areas that can be taken for further study is the study of lottery sales in other
states bordering Virginia to see if the coefficients between that state and Virginia lead to
concurrent results. If such a study were done it would help to validate or invalidate these
results that are indicative of some migration effect between the states with regard to
gambling behavior.
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